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(57) A video adapter (VA) conve rts an analog image 
signal (Sia) output from a personal computer to a digital 
signal (Sid). The clock frequency (Sc), phase data (Sp), 
and display position data (Sdc) for the A/D conversion 
are set automatically according to the analog image sig- 
nal (Sia) to adjust for any offset. An A/D converter (1) 
analog/digital converts the analog image signal (Sia) 
from a digital image signal source. An image start/ter- 
mination coordinate detection circuit (3) detects the vid- 
eo signal Sid start (HcS) and end (HcE) coordinates of 
the digital video signal (Sid) from the A/D-converter (1) 
using the synchronization signals (Hsync and Vsync) 

Fig. 1 



and clock (Sc), and then generates coordinate data 
(Sdc). A clock generation circuit (2) generates the clock 
(Sc) input to the A/D converter (1) based on the input 
from the display control circuit (4). A delay circuit (5) de- 
lays the horizontal synchronization signal (Hsync) in the 
input analog image signal (Sia) based on the phase data 
(Sp) from the display control circuit (4), and further out- 
puts the result to the clock generation circuit (2). A dis- 
play control circuit (4) calculates the clock count data 
(Scd), phase data (Sp), and display position data (Sdc) 
for the image to be displayed based on the coordinate 
data (Sdc). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a video adapter for 
converting an analog video signal output from a person- 
al computer or other video signal source to a digital vid- 
eo signal, and relates more specifically to a video adapt- 
er that compensates for variation in the clock frequency, 
phase timing, and display position of the converted dig- 
ital video signal, and to a digital image display apparatus 
comprising said video adapter. 

2. Description of the Prior Art 

Raster scan analog displays based on a cathode 
ray tube (CRT) are most commonly used as the image 
display means of today's personal computers. The need 
to save space and reduce power consumption, howev- 
er, has helped drive the development of digital image 
displays as a replacement for analog video signals. Typ- 
ical of current digital displays is the flat panel display, 
which include liquid crystal displays, plasma displays, 
and cathode-type raster scan displays. 

Image signals internally generated and processed 
by a personal computer, however, are digital signals. An 
internal or external video adapter has therefore been re- 
quired to convert this digital signal to an analog signal 
for display on an analog display device. 

This means that when a digital image display is 
used in place of the more conventional analog image 
display, an internal or external video adapter must be 
provided for the digital image display to reconvert the 
analog video signal output from the personal computer 
to a digital video signal. For convenience in the following 
discussion the video adapter used by the personal com- 
puter for analog-digital conversion is below referenced 
as the "output video adapter," and the video adapter 
used by the digital image display for digital-analog con- 
version is referenced as the "input video adapter." 

The structure and operation of a conventional input 
video adapter VAc is described below referring to Fig. 
10. This input video adapter VAc converts the analog 
video signal input from a personal computer to a digital 
video signal (A/D converts), and generates the digital 
image signal Side and display coordinate data Deo for 
controlling the digital image display. 

As shown in Fig. 10 the input video adapter VAc 
comprises an A/D converter 1, clock generation circuit 
2, delay circuit 5, display control circuit 14, and preset 
data memory 7. The analog image signal Sia and hori- 
zontal synchronization signal Hsync contained in the an- 
alog video signal are input to the A/D converter 1 and 
delay circuit 5, respectively. The clock generation circuit 
2 is a phase-locked loop (PLL) circuit. The delay circuit 
5 is achieved by means of a delay line or method using 



the delay value of each element in the gate array. The 
preset data memory 7 stores the image adjustment pa- 
rameters PI, which is a set of predefined clock count da- 
ta Del, phase data Dph, and display coordinate data Deo 
s for every possible image resolution level of the analog 
video signal that may be input from the personal com- 
puter. 

The display control circuit 14 outputs the clock 
count data Del to the clock generation circuit 2, the 
io phase data Dph to the delay circuit 5, and the display 
coordinate data Deo to the digital image display by read- 
ing the image adjustment parameters PI corresponding 
to the image resolution of the analog image signal Sia 
by monitoring the frequency of the horizontal synchro- 
's nization signal Hsync and the vertical synchronization 
signal Vsync of the input image signal. 

Based on the supplied phase data Dph, the delay 
circuit 5 delays the horizontal synchronization signal 
Hsync a known period to change the signal phase, and 
then outputs the result to the clock generation circuit 2. 

The clock generation circuit 2 is a PLL circuit to 
which the clock count data Del from the display control 
circuit 14 is set. The clock generation circuit 2 operates 
at the frequency indicated by the clock count data Del 
to generate a clock CLK phase synchronized to the 
phase-shifted horizontal synchronization signal Hsync' 
output from the delay circuit 5, and outputs to the A/D 
converter 1 . 

The A/D converter 1 converts the analog image sig- 
nal Sia to a digital image signal Side according to the 
timing of the clock CLK, and outputs to the display circuit 
(not shown in the figure) of the digital image display. 

The image display is thus adjusted by reading the 
image adjustment parameters PI from the preset data 
memory 7 according to the image resolution of the an- 
alog video signal, and then outputting to the correspond- 
ing circuits. More specifically, the display control circuit 
1 4 controls the clock CLK and the data phase relation- 
ship in the A/D converter 1 by outputting the phase data 
Dph (i.e., delay time) to the delay circuit 5. It should also 
be noted that an input means (not shown in the figures) 
connected to the display control circuit 14 is also pro- 
vided so that the user can directly adjust the image ad- 
justment parameters PI. 

Note the image adjustment parameter PI data, spe- 
cifically the clock CLK, display coordinate data Deo, and 
phase data Dph defined according to the clock, display, 
and phase timing of the analog video signal input from 
the personal computer, must be stored to the preset data 
memory 7 with the conventional input video adapter VAc 
described above. This means that image adjustment is 
not possible when an analog video signal with timing dif- 
ferent from the timing of the image adjustment parame- 
ters PI stored to the preset data memory 7 is input, and 
the digital image display therefore cannot correctly dis- 
play the image. 

The output video adapters used with personal com- 
puters are also not completely standardized, and the 
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timing of the analog video signals output by different vid- 
eo adapters and personal computers conforming to dif- 
ferent standards often vary slightly from the "standard" 
timing. When this happens the clock count data Del, 
phase data Dph, and display coordinate data Deo read 
by the display control circuit 14 from the preset data 
memory 7 does not match the actually input analog vid- 
eo signal. This results in partial loss of or interference 
in the image displayed by the digital image display. 

To compensate for such image flicker, jitter, or drop- 
out the clock count data Del, phase data Dph, and dis- 
play coordinate data Deo of the image adjustment pa- 
rameters PI must be corrected according to the actually 
input analog video signal This means that the user must 
operate keys, switches, or other input means while view- 
ing the image displayed on the digital image display to 
manually adjust the image adjustment parameters PI 
stored in the preset data memory 7 according to the in- 
put analog video signal. This operation must be per- 
formed while visually monitoring the change in the im- 
age on a pixel level, and therefore requires both training 
and time. This actual image adjustment operation is de- 
scribed in detail below for the clock count data Del, 
phase data Dph, and display coordinate data Deo with 
reference to Fig. 11, Fig. 12, and Fig. 13. 

Adjustment of the clock count data Del is described 
first. Note that the analog video signal input to the input 
video adapter VAc is assumed below to have been gen- 
erated as a digital signal by a personal computer or other 
digital device. The original digital video signal is convert- 
ed to an analog video signal using a D/A converter 
based on a dot clock synchronized to the horizontal syn- 
chronization signal Hsync. The converted analog video 
signal is supplied to a CRT monitor or other analog im- 
age display requiring an analog video signal input. 

Fig. 11 shows the clock CLK and horizontal syn- 
chronization signal Hsync generated by the clock gen- 
eration circuit 2. The dot clock is synchronized to the 
horizontal synchronization signal Hsync as described 
above. The A/D converter 1 sequentially converts the 
analog image signal Sia to a digital image signal Side 
based on the clock CLK. As a result the phase of the 
clock CLK must be synchronized to the phase of the hor- 
izontal synchronization signal Hsync to correctly display 
the image on LCD monitor or other digital image display 

Pulse Pel and Pen of the clock CLK correspond to 
the pulse Ph1 and Ph2 of the horizontal synchronization 
signal Hsync where n is an integer greater than the hor- 
izontal resolution of the analog image signal Sia by a 
known amount. Pulse Ph1 and pulse Ph2 are positioned 
at the beginning and end of a particular horizontal scan- 
ning period Th. Note that the clock CLK and horizontal 
synchronization signal Hsync are synchronized if the 
starting time difference a and termination time differ- 
ence p are equal where the starting time difference a is 
the time difference between pulses Ph1 and Pel and 
the termination time difference p is the time difference 
between pulses Ph2 and Pen. 



More specifically, adjusting the clock count data 
Del can be accomplished by changing the value of clock 
count data Del to synchronize the clock CLK to the hor- 
izontal synchronization signal Hsync, i.e., so that the dif- 

5 ference T between starting time difference a and termi- 
nation time difference p equals zero (Del = a - p = 0). 
Whether starting time difference a and termination time 
difference p are equal is determined by the user evalu- 
ating the quality of the image displayed on the monitor. 

10 This operation thus adjusts the offset T (Del ) of the pre- 
set clock count data Del to the actual dot clock. 
Adjusting the phase data Dph is described next. 
The delay circuit 5 delays the horizontal synchroni- 
zation signal Hsync supplied to the clock generation cir- 

*5 curt 2 based on the phase data Dph input from the dis- 
play control circuit 14. The clock generation circuit 2 
generates a clock CLK phase synchronized to the de- 
layed horizontal synchronization signal Hsync', and out- 
puts to the A/D converter 1 . The phase data Dph is thus 

20 a value specifying how much to delay the horizontal syn- 
chronization signal Hsync, and determines the timing 
whereby the A/D converter 1 converts the analog image 
signal Sia to a digital image signal Sid. 

The analog image signal Sia, ideal clock CLKa, and 

25 actual clock CLKb are shown in Fig. 1 2. The ideal clock 
CLKa is the ideal timing pulse required to correctly A/D 
convert the analog image signal Sia. For example, if the 
A/D conversion timing is determined at the clock rise, 
the ideal clock CLKa has the rising edge Ea positioned 

30 at the middle of the pixel in the analog image signal Sia. 
The phase of the actual clock CLKb, however, is 
shifted relative to the ideal clock CLKa, and the different 
T (Dph) is a maximum 1 80 degrees as shown in Fig. 1 2. 
In this case the rising edge Eb of the actual clock CLKb 

3S js positioned at the rise and the drop of the analog image 
signal Sia. A/D conversion is therefore processed 
around the unstable part of the analog image signal Sia, 
thus introducing interference to the image. To remove 
this interference, the actual clock CLKb must be delayed 

40 phase different T (Dph) to approach the ideal clock CL- 
Ka, or the phase difference data T (Dph) must be cor- 
rected. 

To determine whether the actual clock CLKb is syn- 
chronized to the ideal clock CLKa, the user must eval- 
45 uate the quality of the image displayed on the monitor. 
The offset T (Dph) of the preset phase data Dph of the 
clock CLK to the ideal clock CLKa is thus manually ad- 
justed. 

The display coordinate data Deo is described next. 

so The horizontal synchronization signal Hsync, ana- 
log image signal Sia, ideal image capture period Cp1, 
and the actual image capture period Cp2 of the image 
in the preceding line are shown in Fig. 13. The display 
coordinate data Deo determines the capture period CP 

55 of the analog image signal Sia. The analog image signal 
Siaalso has an effective horizontal display period HEDP 
in the synchronization period of the horizontal synchro- 
nization signal Hsync. Note that the effective horizontal 
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display period HEDP determines the horizontal space 
of the pixels to be displayed, i.e. , the horizontal distance 
between the pixel at the left end and the pixel at the right 
end of the pixels displayed in each horizontal line dis- 
played on screen. The ideal image capture period Cp1 
matches the effective horizontal display period HEDP of 
the analog image signal Sia, resulting in all pixels being 
displayed. 

The actual image capture period Cp2, however, is 
offset a specific period T (Deo) from the ideal image cap- 
ture period Cp1. In other words, at the actual image cap- 
ture period Cp2 the capture period CP and effective hor- 
izontal display period HEDP do not match, and the im- 
age is displayed on screen with image dropout of period 
T (Deo) at each edge. 

To resolve this image dropout problem the actual 
image capture period Cp2 must be offset period T (Deo) 
closer to the ideal image capture period Cp1 , or the dis- 
play coordinate data Deo must be corrected so that the 
actual image capture period Cp2 matches the ideal im- 
age capture period Cp1. 

In other words, whether the ideal image capture pe- 
riod Cp1 and the actual image capture period Cp2 match 
must again be determined by the user evaluating the 
image quality on the screen. The offset T (Deo) of the 
preset display coordinate data Deo of the actual image 
capture period Cp2 is thus manually adjusted to the ide- 
al image capture period Cp1 . 

The object of the present invention is therefore to 
provide a method and apparatus for automatically ad- 
justing the clock count data Del , phase data Dph, and 
display coordinate data Deo according to the actually 
input analog image signal Sia, thereby eliminating the 
training, practice, and time required by the prior art for 
manual adjustment of the data as described above. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to 
provide a digital image display device and video adapter 
which solves these problems. 

In order to achieve the aforementioned objective, a 
display device with a display adjustment apparatus for 
converting an analog image input signal to a digital sig- 
nal for display according to the present invention com- 
prises an analog/digital converter for converting the an- 
alog image signal input thereto to a digital signal based 
on an input analog-digital conversion clock signal, an 
image start/termination coordinate detection circuit for 
detecting the horizontal image start coordinate and the 
horizontal image termination coordinate in the horizon- 
tal period based on the clock input from the A/D convert- 
er and the horizontal synchronization signal Hsync and 
vertical synchronization signal Vsync, a display control 
circuit for calculating the clock count data from the hor- 
izontal image start coordinate and the horizontal image 
termination coordinate, and a clock generation circuit for 
generating the clock input to the A/D converter based 



on the clock count data input from the display control 
circuit. The display control circuit in this configuration 
automatically adjusts the frequency of the A/D conver- 
sion clock by computing the clock corresponding to the 

s clock count of the A/D converter so that the difference 
of the horizontal image termination coordinate minus the 
horizontal image start coordinate matches the pixel 
count of the effective horizontal display period HEDP 
referenced for A/D conversion of the analog image sig- 

10 nal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
15 invention will become clear from the following descrip- 
tion taken in conjunction with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings throughout which like parts are designated by 
like reference numerals, and in which: 

20 

Fig. 1 is a block diagram of a digital image display 
apparatus comprising an input video adapter ac- 
cording to a preferred embodiment of the invention, 
Fig. 2 is a flow chart used to describe the primary 

25 operation of the video adapter according to a pre- 
ferred embodiment of the invention, 
Fig. 3 is a waveform diagram used to describe clock 
adjustment by the present invention, 
Fig. 4 is used to describe the image signal image 

30 information of the present invention, 

Fig. 5 is a waveform diagram used to describe 
phase adjustment by the present invention, 
Fig. 6 is a detailed flow chart of the clock adjustment 
routine shown in Fig. 2, 

35 Fig. 7 is a detailed flow chart of the horizontal image 
display period pixel detection routine shown in Fig. 
6, 

Fig. 8 is a detailed flow chart of the phase adjust- 
ment routine shown in Fig. 2, 
40 Fig. 9 is a detailed flow chart of the display position 
adjustment routine shown in Fig. 2, 
Fig. 10 is a block diagram of a conventional input 
video adapter, 

Fig. 11 is used to describe the clock adjustment 
45 problem specific to the conventional input video 
adapter, 

Fig. 12 is used to describe the phase adjustment 
problem specific to the conventional input video 
adapter, and 

so Fig. 13 is used to describe the display position ad- 
justment problem specific to the conventional input 
video adapter. 

DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS 

The preferred embodiments of the present inven- 
tion are described below with reference to the accom- 
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panying figures. 

The structure of a digital image display apparatus 
DD comprising an input video adapter VA according to 
the preferred embodiment of the present invention is de- 
scribed briefly below with reference to Fig. 1 . The major 
components of this digital image display apparatus DD 
are the input video adapter VA, image display driving 
circuit 10, and image display 11. 

The input video adapter VA (video adapter VA be- 
low) is connected to a digital image signal source (not 
shown), a personal computer in this embodiment, and 
generates a digital image signal Sid and display device 
control data Sdc based on the analog video signal sup- 
plied from the personal computer. 

The image display driving circuit 10 is connected to 
the video adapter VA and generates the digital image 
driving signal SD driving the image display 11 based on 
the digital image signal Sid and display device control 
data Sdc supplied from the video adapter VA. 

The image display 1 1 is connected to the image dis- 
play driving circuit 10 and is driven according to the dig- 
ital image driving signal SD supplied from the image dis- 
play driving circuit 10. Note that the image display 11 
can be a liquid crystal display (LCD) device, plasma dis- 
play device, cathode type flat panel display, or other dis- 
play device used for displaying images by means of a 
digital video signal. 

The video adapter VA comprises an A/D converter 
1 , clock generation circuit 2, image start/termination co- 
ordinate detection circuit 3, display control circuit 4, and 
delay circuit 5 interconnected as shown in Fig. 1. The 
A/D converter 1, image start/termination coordinate de- 
tection circuit 3, and delay circuit 5 are connected to the 
personal computer (not shown in the figures) such that 
the analog image signal Sia, vertical synchronization 
signal Vsync, and horizontal synchronization signal 
Hsync in the analog video signal supplied from the per- 
sonal computer are input respectively thereto. 

The delay circuit 5 delays the horizontal synchroni- 
zation signal Hsync a known period Ts based on the 
phase data Sp supplied from the display control circuit 
4 as described below to generate the delayed horizontal 
synchronization signal Shs. The delayed horizontal syn- 
chronization signal Shs is then supplied to the clock gen- 
eration circuit 2 and image start/termination coordinate 
detection circuit 3. 

The clock generation circuit 2 generates a clock Sc 
phase synchronized to the delayed horizontal synchro- 
nization signal Shs and frequency adjusted to the clock 
count data Scd supplied from the display control circuit 
4, and supplies the clock Sc to the A/D converter 1 and 
image start/termination coordinate detection circuit 3. 

Based on this clock Sc, the A/D converter 1 con- 
verts the analog image signal Sia to a digital image sig- 
nal Sid, and supplies the digital image signal Sid to the 
image start/termination coordinate detection circuit 3 
and image display driving circuit 10. 

Based on the digital image signal Sid from the A/D 



converter 1 , the clock Sc from the clock generation cir- 
cuit 2, the delayed horizontal synchronization signal Shs 
from the delay circuit 5, and the vertical synchronization 
signal Vsync from the personal computer, the image 
5 start/termination coordinate detection circuit 3 detects 
the horizontal and vertical start and termination coordi- 
nates of one frame of the digital image signal Sid, and 
generates the image information signal Si describing the 
image status. The precise method of generating this im- 
10 age information signal Si is described below with refer- 
ence to Fig. 7. 

The display control circuit 4 generates the clock 
count data Scd, phase data Sp and display device con- 
trol data Sdc based on the image information signal Si 
is received from the image start/termination coordinate 
detection circuit 3. The precise operation of the display 
control circuit 4 is also described below with reference 
to Fig. 6. 

The operation of the video adapter VA and digital 
image display apparatus DD is described next below 
with reference to Fig. 2. When an analog video signal 
comprising analog image signal Sia, horizontal synchro- 
nization signal Hsync, and vertical synchronization sig- 
nal Vsync components is input from the personal com- 
puter, the video adapter VA generates the digital image 
signal Sid and display device control data Sdc according 
to the following procedure. 

The first step #1 00 is to adjust the clock. This is ac- 
complished by the display control circuit 4 generating 
the clock count data Scd according to the condition of 
the digital image signal Sid. Note that this clock adjust- 
ment routine is described in detail below with reference 
to Fig. 6 and Fig. 7. 

Phase adjustment in step #200 follows after clock 
adjustment is completed. This is accomplished by the 
display control circuit 4 generating the phase data Sp 
according to the condition of the digital image signal Sid. 
Note that this phase adjustment routine is described in 
detail below with reference to Fig. 8. 

The next step #300 corrects the display position. 
The display control circuit 4 also accomplishes this step 
by generating the display device control data Sdc ac- 
cording to the condition of the digital image signal Sid. 
Note that this display position adjustment routine is de- 
scribed in detail below with reference to Fig. 9. 

Based on the display device control data Sdc output 
by the display control circuit 4 in step #300, the image 
display driving circuit 1 0 processes the digital image sig- 
nal Sid according to a defined image signal processing 
routine to generate the digital image driving signal SD 
for the digital image display apparatus DD in step #400. 

In step #500 the image is correctly displayed based 
on the digital image driving signal SD output in step 
#400, and the process terminates. 

It should be noted that the process shown in Fig. 2 
applies to image adjustment during digital conversion of 
the analog image signal Sia, but it this image adjustment 
process can also be used when the image resolution of 
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the analog image signal Sia is changed. Calculation and 
automatic adjustment of the clock count data Scd, 
phase data Sp, and display device control data Sdc are 
described in sequence below. 

Clock adjustment according to the present inven- 
tion is described first below with reference to Fig. 3, Fig. 
4, Fig. 6, and Fig. 7. 

Fig. 3 is a waveform diagram of the horizontal syn- 
chronization signal Hsync, analog image signal Sia, and 
clock Sc in one horizontal line of the image. As shown 
in Fig. 3 the effective horizontal display period HEDP in 
which the horizontal line image is displayed is preferably 
positioned with good balance in the horizontal synchro- 
nization period Th of the horizontal synchronization sig- 
nal Hsync of the analog image signal Sia. 

More specifically, the effective horizontal display 
period HEDP of the horizontal line image is bracketed 
by a preceding no-dispiay period Tnp and a following 
no-display period TnF in the horizontal synchronization 
period Th. The position of the effective horizontal display 
period HEDP can therefore be determined by detecting 
the line image starting pixel PS' and the line image end- 
ing pixel PE' of the effective horizontal display period 
HEDP in each line of the digital image signal Sid. This 
can be accomplished by evaluating each pixel of the dig- 
ital image signal Sid A/D converted from the analog im- 
age signal Sia synchronized to the pulse of the A/D con- 
version clock Sc to determine whetherthe pixel contains 
image data. The horizontal position of the line image 
starting pixel PS' is then defined as the left horizontal 
line image coordinate HcS\ and the horizontal position 
of the line image ending pixel PE' is defined as the right 
horizontal line image coordinate HcE\ 

Image information for the horizontal pixel count, 
which is determined by the resolution of the image out- 
put through the output video adapter of the personal 
computer, is present in the effective horizontal display 
period HEDP. More specifically, the standard screen 
resolution of an image output from a video adapter con- 
forming to the VGA video standard is 640 pixels wide 
(horizontal pixel count) by 480 lines (vertical pixel count) 
in the graphics mode. This means that image informa- 
tion for 640 pixels is contained in the effective horizontal 
display period HEDP. The effective horizontal display 
period HEDP can therefore be expressed by the hori- 
zontal pixel count H of the digital image signal Sid. Note 
also that the period between the pulses of the clock Sc 
to which operations are synchronized is the clock cycle. 

The value of the clock count data Scd must be ad- 
justed so that the clock Sc has 640 pulses in the effective 
horizontal display period HEDP in order to generate a 
digital image signal Sid containing image information for 
640 pixels in the effective horizontal display period 
HEDP by A/D conversion of the analog image signal Sia. 

Screen image Fl whereby the image information of 
the analog image signal Sia is presented is shown in 
Fig. 4. This screen image Fl is defined by the pixel matrix 
defined by the effective horizontal display period HEDP 



10 

and the effective vertical display period VEDP The top 
left, top right, bottom left, and bottom right pixels of this 
screen image Fl are referenced below as corner pixel 1 
Pa, comer pixel 2 Pb, corner pixel 3 Pc, and corner pixel 

s 4 Pd, respectively. 

Corner pixel 1 Pa is thus the starting point of both 
the effective horizontal display period HEDP and the ef- 
fective vertical display period VEDP, i.e., the first pixel 
in the screen image Fl. Corner pixel 2 Pb is the last pixel 

10 jn effective horizontal display period HEDP at the begin- 
ning of the effective vertical display period VEDP, i.e., 
the last pixel in the first line of the raster image FL Comer 
pixel 3 Pc is the first pixel in the effective horizontal dis- 
play period HEDP at the end of the effective vertical dis- 

15 play period VEDP, i.e. , the first pixel in the last horizontal 
scan line V of the raster image Fl. Corner pixel 4 Pd is 
thus the last pixel in both the effective horizontal display 
period HEDP and effective vertical display period VEDR 
i.e., the last pixel in the last horizontal scan line V of the 

20 raster image Fl. The pixels on the line joining corner pix- 
el 1 Pa and corner pixel 3 Pc are thus the first pixel on 
each horizontal line, and the pixels on the line joining 
corner pixel 2 Pb and corner pixel 4 Pd are thus the last 
pixel on each horizontal line. 

25 The analog image signal Sia contains the pixel val- 
ues, i.e., image data, of corner pixel 1 Pa and comer 
pixel 3 Pc or corner pixel 2 Pb and corner pixel 4 Pd. 
The pixels containing a pixel value expressing such im- 
age information are the "valid display pixels." The dis- 

30 play control circuit 4 supplies an appropriate clock value 
Pcv to the clock generation circuit 2 as the initial clock 
count data Scd. The image start/termination coordinate 
detection circuit 3 detects the valid display pixel at the 
left edge of the screen image Fl of the digital image sig- 

35 nal Sid output from the A/D converter 1 as the left image 
edge pixel PS, and detects the valid display pixel at the 
right edge of the screen image Fl as the right image 
edge pixel PE. 

The coordinates of the left image edge pixel PS can 

40 therefore be defined as (Hcs, Vcs), the coordinates of 
the right image edge pixel PE as (HcE, Vce), the coor- 
dinates of the line image starting pixel PS' as (HcS\ 
VcS'), and the coordinates of the line image ending pixel 
PE' as (HcE', VcE'). The left edge of the screen image 

45 Fl refers to the line joining the left image edge pixels PS 
irrespective of the vertical position Vc of each horizontal 
line. The left image edge pixels PS are all line image 
starting pixels PS' in the screen image Fl of which the 
left horizontal line image coordinate HcS" is on or closest 

50 to line Pa-Pc, regardless of the vertical coordinate value. 
Likewise, the right image edge pixels PE are all line im- 
age ending pixels PE' in the screen image Fl of which 
the right horizontal line image coordinate HcE' is on or 
closest to line Pb-Pd, regardless of the vertical coordi- 

55 nate value. The right edge of the screen image Fl there- 
fore refers to the line joining the right image edge pixels 
PE irrespective of the vertical position Vc of each hori- 
zontal line. 
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The horizontal period (distance) between the left 
image edge pixels PS and the right image edge pixels 
PE is defined as the horizontal image display period HP. 
The length of the horizontal image display period HP can 
be obtained by the equation IHcS - HcEI. The horizontal 
image display period HP and the effective horizontal dis- 
play period HEDP of the digital image signal Sid must 
match. 

The image start/termination coordinate detection 
circuit 3 comprises a register (not shown in the figures) 
for storing the line image starting pixel PS' and line im- 
age ending pixel PE 1 detected for each horizontal line 
Vc during the process of the invention as the temporary 
coordinates of the corresponding left image edge pixel 
PS and right image edge pixel PE. 

The clock adjustment routine shown as step #100 
in Fig. 2 is described below with reference to Fig. 6. 

The clock adjustment routine starts with a system 
initialization operation in step S110. This initialization 
comprises two steps, SI02 and S104. 

In step S102 the image start/termination coordinate 
detection circuit 3 extracts the vertical pixel count V and 
the horizontal pixel count H, which together determine 
the image resolution of the digital image signal Sid. The 
line image starting pixel PS* and line image ending pixel 
PE' are then detected from the pixels in the first horizon- 
tal line after the vertical synchronization signal Vsync. 
In other words, the vertical position parameter Vc, which 
expresses which line starting from the first horizontal 
line the present image line is, is set to 1 where the start 
of the horizontal line is marked by from the input of pulse 
Ph1 of the horizontal synchronization signal Hsync. The 
vertical position parameter Vc is thus an integer less 
than or equal to the vertical pixel count V, and the hori- 
zontal position parameter He is an integer less than or 
equal to the clock pulse count corresponding to the hor- 
izontal synchronization period Th. 

At step S104 the clock count data Scd is set to the 
initial clock value Pcv, the initial value of the clock coun- 
ter PNC, which counts the clock Sc pulse synchronized 
to the clock Sc, is reset to zero (0), and the cached co- 
ordinate values of the left image edge pixel PS and right 
image edge pixel PE, and the line image starting pixel 
PS' and line image ending pixel PE', are reset to zero 
(0). As a result, the HcS, VcS, HcE, VcE, HcS', VcS', 
HcE', and VcE' values are set to 0. 

The digital image signal Sid converted from the 
source analog image signal Sia by the A/D converter 1 
is then input to the image start/termination coordinate 
detection circuit 3. After thus initializing the system in 
step S110, the procedure advances to step S120. 

The horizontal image display period HP is detected 
in step S120 by determining for each pixel in each hor- 
izontal line Vc of the digital image signal Sid whether 
that pixel contains image information. The sequence for 
this determination is the raster scan sequence. Note that 
the method of detecting the horizontal image display pe- 
riod HP is described below with reference to Fig. 7. The 



procedure advances to step S170 after the horizontal 
image display period HP is obtained. 

Referring to Fig. 7, the clock counter PNC incre- 
ments synchronized to each pulse of the clock Sc in step 
5 S1 22. This step defines the first pixel in the current hor- 
izontal line of the digital image signal Sid as the target 
pixel to be evaluated to determine whether it is a pixel 
in the effective display area of the image. The procedu re 
then advances to step S124. 

Whether the target pixel is the first valid display pixel 
in that line, i.e., is the line image starting pixel PS 1 , is 
determined in step S1 24. As described above there are 
no pixels that should be displayed in the preceding no- 
display period Tnp following pulse Phi. As a result, NO 
is returned by step S1 24 in the preceding no-display pe- 
riod Tnp. NO is also returned if the corner pixel 1 Pa 
being evaluated in this first loop is not a valid display 
pixel even if the pixel is within the effective horizontal 
display period HEDP. When NO is returned the proce- 
dure advances to step S126. 

Step S126 determines whether the pulse Ph2 fol- 
lowing the horizontal synchronization signal Hsync has 
been detected. By determining whether the clock pulse 
is pulse Ph2 it is possible to detect whether the line im- 
age starting pixel PS 1 evaluation has been executed for 
every pixel in the current horizontal line Vc. If the current 
target pixel P( PNC, Vc) is not the end of the current line, 
pulse Ph2 has not been detected. Step S126 therefore 
returns NO and the procedure loops back to step S122. 
This loop assures that the line image starting pixel PS* 
evaluation continues insofar as there are any unevalu- 
ated pixels left in the current horizontal line Vc. 

As in the previous clock cycle, the clock counter 
PNC again increments synchronized to the clock Sc 
pulse when step ST 26 loops back to step S122, thereby 
defining the next pixel in the line as the target pixel to 
be evaluated. As a result the loop of steps S122, S124, 
and S126 repeats each clock cycle until the line image 
starting pixel PS' is detected in step S124 or step S126 
determines that all pixels in the current horizontal line 
have been evaluated. 

When step S124 returns YES because the line im- 
age starting pixel PS 1 has been detected, the procedure 
advances to step S128. This is because once the line 
image starting pixel PS' has been detected it is not nec- 
essary to continue evaluating the remaining unevaluat- 
ed pixels. 

The line image starting pixel PS' of the current hor- 
izontal line Vc is then defined using the coordinates of 
the current target pixel in step S1 28. In other words, the 
current value of the clock counter PNC is set as the left 
horizontal line image coordinate HcS 1 the line, and the 
value of the vertical position parameter Vc at this time 
is set to the vertical line image start coordinate VCS'. 
The procedure then advances to step S1 30. 

As in step S122 the clock counter PNC increments 
in step S1 30 synchronized to the next pulse of the clock 
Sc. The next pixel is thus defined as the target pixel to 
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be processed, and the procedure advances to step 
S132. 

Step S132 determines whether the target pixel is 
first pixel following the fine image ending pixel PE' in that 
line, i.e., is the last line image pixel P(HcE'+t , Vc). If the 
current target pixel P(PNC, Vc) is a valid display pixel, 
for example, NO is returned and the procedure advanc- 
es to step S134. Step S132 thus effectively detects the 
last valid display pixel in that line. 

As in step S1 26, step S1 34 determines whether the 
pulse Ph2 following the horizontal synchronization sig- 
nal Hsync has been detected. This step thus detects 
whether there are any pixels left in the current line to 
which the line image ending pixel PE' evaluation has not 
been applied. NO is thus returned if the current target 
pixel P(PNC, Vc) is not the last pixel in the line, and pro- 
cedure loops back to step S1 30. The loop of steps S1 30, 
S1 32, and S1 34 is thus repeated each clock cycle until 
the line image ending pixel PE' is detected in step S1 32, 
i.e., the pixel after the line image ending pixel PE' is de- 
tected, or it is determined in step S1 36 that all pixels in 
the line have been evaluated. 

If step S132 returns YES, confirming that the target 
pixel P(PNC, Vc) is a pixel in the following no-display 
period TnF, the target pixel P(PNC, Vc) is confirmed to 
be the pixel P(HcE'+1 , Vc) following the line image end- 
ing pixel PE', and the procedure advances to step S1 36. 
Control passes from the loop at this point because the 
target pixel P(PNC-1, Vc) in the preceding clock cycle 
was determined to be the line image ending pixel PE\ 
and it is therefore not necessary to continue evaluating 
the remaining pixels in the line. 

At step S136 the coordinates of the pixel detected 
during the previous clock cycle are set as the coordi- 
nates of the line image ending pixel PE" of the current 
horizontal line Vc. More specifically, PNC-1, the clock 
counter PNC value from the previous clock cycle, is set 
to the right horizontal line image coordinate HcE', and 
the vertical position parameter Vc of the current line is 
set as the vertical line image end coordinate VcE'. The 
procedure then advances to step S1 38. 

Note that if step S126 returns YES because it is de- 
termined that there is no line image starting pixel PS' in 
the current horizontal line Vc, control passes directly to 
step S138 without initializing or updating the left hori- 
zontal line image coordinate HcS 1 and vertical line im- 
age start coordinate VcS 1 values detected during the 
previous clock cycle in step S128. 

Furthermore, if step S134 returns YES because it 
is determined that there is no line image ending pixel 
PE' in the current line, the right horizontal line image co- 
ordinate HcE' and vertical line image end coordinate 
VcE' values of the line image ending pixel PE 1 detected 
in the previous clock cycle are neither updated nor ini- 
tialized in step S136, and the procedure advances to 
step S138. 

The coordinates of the left image edge pixel PS and 
right image edge pixel PE stored to a register are then 



updated in step S138 based on the line image starting 
pixel PS' and line image ending pixel PE' values ob- 
tained for the current horizontal line Vc after passing 
steps S126, S134, and S136. The process executed in 
5 step S138 is described below. 

The method of updating the left image edge pixel 
PS is described first. If the left horizontal line image co- 
ordinate HcS* of the newly detected line image starting 
pixel PS' is less than the horizontal image start coordi- 
io nate HcS of the left image edge pixel PS stored to the 
register, the left horizontal line image coordinate HcS' 
of the current line image starting pixel PS 1 is stored as 
the horizontal image start coordinate HcS of the left im- 
age edge pixel PS to the register. More specifically, the 
15 horizontal coordinate of the first valid display pixel of 
each horizontal line in the screen image Fl detected in 
the raster scan sequence is defined as the horizontal 
image start coordinate HcS at that point. The value of 
the vertical image start coordinate VcS is also updated 
to the vertical line image start coordinate VcS' value. 

Updating the right image edge pixel PE is described 
next. If the value of the right horizontal line image coor- 
dinate HcE' of the newly detected line image ending pix- 
el PE' is greater than the horizontal image termination 
coordinate HcE of the left image edge pixel PS stored 
to the register, the right horizontal line image coordinate 
HcE' of the current line image ending pixel PE' is stored 
to the register as the horizontal image termination coor- 
dinate HcE of the right image edge pixel PE. The hori- 
zontal coordinate of the last valid display pixel on each 
horizontal line of the screen image Fl detected in raster 
scan sequence is thus defined as the horizontal image 
termination coordinate HcE at that point. 

The horizontal coordinates of the line image starting 
pixel PS' and line image ending pixel PE' obtained line 
by line are thus compared with the horizontal coordi- 
nates of the left image edge pixel PS and right image 
edge pixel PE stored to the register and updated appro- 
priately to obtain the horizontal coordinate HcS of the 
pixel PS at the left edge and the horizontal coordinate 
HcE of the pixel PE at the right edge of the overall screen 
image Fl from the first horizontal line V1 to the current 
horizontal line Vc. The procedure then advances to step 
S140. 

It is then determined whether the vertical position 
parameter Vc is equal to the vertical pixel count V at 
step S140. If the vertical position parameter Vc has not 
been incremented to the last horizontal line V of the 
screen image Fl, NO is returned and the procedure ad- 
vances to step S142. 

At step S142 the vertical position parameter Vc is 
incremented one to increment the horizontal line being 
evaluated to the next horizontal line. The procedure then 
advances to step S1 22. 

However, if step S140 returns YES because the left 
image edge pixel PS and right image edge pixel PE val- 
ues were updated using the coordinates obtained after 
evaluating all horizontal lines in the screen image Fl, the 
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procedure advances to step S144. 

The pixel count NHP of the horizontal image display 
period HP is obtained in step S144 by subtracting the 
horizontal image start coordinate HcS from the horizon- 
tal image termination coordinate HcE detected for the 
entire screen image Fl in step S138, and adding 1 . The 
procedure then advances to step S1 46. It should be not- 
ed that the pixel count NHP of the horizontal image dis- 
play period HP is calculated in this step using the fol- 
lowing equation. 

NHP = HcE - HcS + 1 [1] 

The image information signal Si is then generated 
in step S146 based on the information detected in step 
S138 and step S144 by the image start/termination co- 
ordinate detection circuit 3. The image start/termination 
coordinate detection circuit 3 then outputs this image in- 
formation signal Si to the display control circuit 4. 

After thus completing the effective pixel count NHP 
detection routine of step S120 in Fig. 6, the procedure 
advances to step S 170 in Fig. 6. 

In step S1 70 the display control circuit 4 determines 
whether the horizontal image display period pixel count 
NHP read from the image information signal Si matches 
the preset effective display period pixel count NPP. It 
should be noted that the preset pixel count NPP is pref- 
erably equal to the horizontal pixel count H of the analog 
image signal Sia, the invention shall not be so limited 
and a different appropriate value can be used. 

If the horizontal display period pixel count NHP is 
equal to the preset pixel count NPP (step S170 returns 
YES), the clock count of the clock Sc is appropriate for 
the input analog image signal Sia. It is therefore not nec- 
essary to adjust the clock Sc, and the process termi- 
nates. 

However, if the horizontal display period pixel count 
NHP is not equal to the preset pixel count NPP (step 
S170 returns NO), the clock Sc must be adjusted and 
the procedure advances to step S172. 

At step S172 the display control circuit 4 corrects 
and updates the current clock count data Scd by the dif- 
ference between the preset pixel count NPP and the 
horizontal display period pixel count NHP. The updated 
clock count data Scd is then output to the clock gener- 
ation circuit 2, and the procedure advances to step 
S174. 

The updated clock count data Scd is obtained from 
the following equation. 

Scd = Scd + NPP + NHP [2] 

Based on the clock count data Scd input from the 
display control circuit 4, the clock generation circuit 2 
generates a new clock Sc in step S174 and outputs to 
the A/D converter 1 . The procedure then advances to 



step S176. 

Based on the updated clock Sc the A/D converter 1 
generates the digital image signal Sid from the input an- 
alog image signal Sia in step S1 76. Using the generated 
s digital image signal Sid, the image start/termination co- 
ordinate detection circuit 3, display control circuit 4, and 
clock generation circuit 2 repeat steps S120, S170, 
S172, S174, and S176. 

When the preset pixel count NPP matches the de- 
10 tected effective pixel count NHP in step SI 70, the clock 
count data Scd generation (clock adjustment) routine of 
step #100 in Fig. 2 is completed and the procedure ad- 
vances to step #200. 

The clock count data (clock frequency) can thus be 
is automatically calculated and adjusted. 

As described above the image start/termination co- 
ordinate detection circuit 3 detects the coordinates of 
the left image edge pixel PS and the right image edge 
pixel PE as the image start and image end coordinates 
20 of the overall screen image Fl by detecting and storing 
the coordinates of the line image starting pixel PS' and 
the line image ending pixel PE 1 every horizontal line, and 
then at the next line comparing the line image starting 
pixel PS' and the line image ending pixel PE' coordi- 
25 nates with the coordinates detected on the previous line. 
Note, however, that these coordinates can also be de- 
tected by the method described below. 

In this method a clock counter PNC for counting the 
clock Sc triggered by the horizontal synchronization sig- 
30 nal Hsync is connected to a left image edge pixel PS 
coordinate register and minimum value comparator, and 
a right image edge pixel PE coordinate register and 
maximum value comparator. When an analog image 
signal Sia is present the minimum and maximum value 
35 comparators operate to detect the smallest value in the 
left image edge pixel coordinate register and the great- 
est value in the right image edge pixel coordinate reg- 
ister. 

It is also possible to determine the preset pixel count 

40 NPP in the effective horizontal display period HEDP us- 
ing a counter that counts the horizontal synchronization 
signals in two vertical synchronization signals (i.e., de- 
tects the total number of horizontal synchronization sig- 
nals in one screen, and a comparator that compares this 

45 total line count with a preset value. 

This method can be used because the number of 
pixels in one image is generally constant for each video 
adapter output mode. For example, a VGA video adapt- 
er outputs 640 H x 480 V pixels, an SVGA video adapter 

so outputs 800 H x 600 V pixels, and an XGA video adapter 
outputs 1 024 H x 768 V pixels. The total horizontal syn- 
chronization signal count is related to the vertical pixel 
count V. This means that by detecting the total horizontal 
synchronization signal count and comparing this count 

55 with two threshold values N1 and N2, it is possible to 
determine whether the video adapter is a VGA, SVGA, 
or XGA video adapter, or whether a multimode video 
adapter is operating in a VGA, SVGA, or XGA mode. 
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For convenience, therefore, the output mode of each of 
these video adapters is below referenced using the 
common name of the video adapter type, i.e., VGA 
mode, SVGA mode, or XGA mode. 

The value of N1 below is defined as 600 or 600 plus 
a known number of lines in a blanking period containing 
no video signals, and N2 is defined as 768 or 768 plus 
a known number of blanking lines. As a result, if the total 
horizontal synchronization signal count is less than or 
equal to N1 , the video adapter is determined to be op- 
erating in the VGA mode; if greater than N1 and less 
than N2, the video adapter is determined to be operating 
in the SVGA mode; and if greater than or equal to N2, 
the video adapter is determined to be operating in the 
XGA mode. As a result, if the video adapter is operating 
in the VGA mode, the preset pixel count NPP is 640; if 
operating in the SVGA mode, the preset pixel count NPP 
is 800; and if operating in the XGA mode, the preset pixel 
count NPP is 1024. 

This comparison function is provided in the image 
start/termination coordinate detection circuit 3, and the 
result is output to the display control circuit 4. It is also 
possible to provide those functions requiring high speed 
processing, including the counter function detecting the 
total horizontal synchronization signal Hsync count and 
the comparator function, in the image startAermination 
coordinate detection circuit 3, and use the display con- 
trol circuit 4 to discriminate the video adapter output 
mode and set the preset pixel count NPP. 

The phase adjustment routine of step #200 in Fig. 
2 is described next below with reference to Fig. 5 and 
Fig. 8. The concept of the phase adjustment process of 
the present invention is described first with reference to 
Fig. 5. Specific operation is then described with refer- 
ence to Fig. 8. 

The analog image signal Sia, and clock CLK1, 
CLK2, and CLK3, are shown in Fig. 5. Phase adjust- 
ment, i.e., generating the phase data Sp, in the present 
invention is accomplished using the first horizontal video 
signal, i.e., the horizontal image start coordinate HcS of 
the left image edge pixel PS, in the current digital image 
signal Sid. 

More specifically, the twentieth clock pulse Ph20 in 
clock CLK1 indicates the starting edge Se of the analog 
image signal Sia, and the value of the left horizontal line 
image coordinate HcS' at this time is 20. The phase is 
changed from this state by shifting clock CLK1 to the 
right. Clock CLK2 results when the phase of clock CLK1 
is shifted 360 degrees right. At clock CLK2 the starting 
edge Se of the analog image signal Sia is detected at 
the nineteenth clock pulse Ph19, and the value of the 
left horizontal line image coordinate HcS' at this time is 
1 9. The clock adjusted so that the starting edge Se of 
the analog image signal Sia is positioned at the edge 
between clock pulse Ph20 and clock pulse Ph19 is clock 
CLK3. The phase of clock CLK3 is thus shifted 180 de- 
grees to the phase of clock CLK1 and clock CLK2, and 
the phase of clock CLK3 is thus precisely half way be- 



tween clock CLK1 and clock CLK2. 

Phase adjustment is thus accomplished in the 
present invention by shifting the phase of the clock Sc 
and generating two clocks CLK1 and CLK2. The phase 
5 of clock CLK1 and the phase of clock CLK2 are then 
detected by determining the coordinates of the starting 
edge Se of the analog image signal Sia at clock CLK1 
and clock CLK2, respectively. Another clock CLK3 is 
then generated such that the phase of this clock is the 
to midpoint between clock CLK1 and clock CLK2. 

The specific process executed in step #200 for 
phase adjustment is described next below with refer- 
ence to Fig. 8. It should be noted that the clock Sc has 
already been correctly adjusted according to the input 
15 analog image signal Sia by the clock adjustment routine 
(step #100) preceding the phase adjustment routine. 
The analog image signal Sia also inputs a signal in 
which an image is present at the left edge of the screen, 
i.e., the analog image signal Sia has pixel Pa or Pc 
shown in Fig. 4. 

The display control circuit 4 outputs phase data Spv 
as the initial phase data Sp value to the delay circuit 5 
in step S402. Note that phase data Spv indicates the 
shortest delay time. The procedure then advances to 
step S404. 

At step S404 the display control circuit 4 reads the 
horizontal image start coordinate HcS from the image 
start/termination coordinate detection circuit 3, and the 
procedure advances to step S406. Note that the hori- 
zontal image start coordinate HcS is read using the 
same method executed in the horizontal image display 
period HP detection routine described in detail above 
with reference to Fig. 7. 

Based on the horizontal image start coordinate HcS 
read in step S404, the display control circuit 4 incre- 
ments the phase data Sp, thus increasing the delay 
time, in step S406, and outputs the clock CLK1 . The pro- 
cedure then advances to step S408. 

The left horizontal line image coordinate HcS 1 is 
then read in step S408, and the procedure advances to 
step S410. 

Whether the left horizontal line image coordinate 
HcS' just read is equal to the previously read horizontal 
image start coordinate HcS is determined in step S410. 
If Hcs' does not equal HcS, NO is returned and the pro- 
cedure advances to step S412. 

The phase data Sp from clock CLK1 is incremented 
again in step S412 to generate clock CLK2. The proce- 
dure then advances to step S41 4. 

The clock CLK2 is output to the delay circuit 5 in 
step S414, and the procedure then loops back to step 
S408. 

If step S410 returns NO, i.e., if the current left hor- 
izontal line image coordinate HcS' equals the horizontal 
image start coordinate HcS previously detected, the 
procedure advances to step S416. 

Whether the horizontal coordinate zi.e., the phase 
data, has changed for the first time, i.e., whether HcS' 
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_ HcS, is determined in step S41 6. If YES, the procedure 
advances to step S418. 

The phase data Sp determined with clock CLK1 is 
then stored to variable P1 in step S418, and the proce- 
dure advances to step S412. The loop of steps S412, 
S414, S408, and S410 detecting a phase data change 
is then repeated. 

If step S416 returns NO, i.e., step S410 has twice 
returned YES, the phase data Sp based on clock CLK2 
and corresponding to the second detected phase data 
change is stored to variable P2 in step S420. The pro- 
cedure then advances to step S422. 

The average of variables P1 and P2, i.e., the aver- 
age ((P1 + P2)/2) of the two cached phase data Sp val- 
ues is obtained in step 5422 to determine the phase of 
the phase-adjusted clock CLK3. The procedure then ad- 
vances to step S424. 

The phase data Sp of the clock CLK3 generated in 
step S420 is then output to the delay circuit 5 in step 
S424, and the phase adjustment routine ends. 

Waviness in the displayed image can thus be elim- 
inated by calculating and adjusting the phase data Sp 
controlling the timing for A/D conversion of the analog 
image signal Sia. 

It should be noted that while the left edge of an im- 
age is used for the phase adjustment routine described 
above, it will be obvious that the same adjustment can 
be accomplished using the line end coordinates at the 
right edge of an image. In this case the image (line) end 
coordinates from the image start/termination coordinate 
detection circuit 3 are used. 

The display position adjustment routine of step 
#300 in Fig. 2 is described next below with reference to 
the flow chart in Fig. 9. It will be obvious that before the 
display position adjustment routine begins the clock Sc 
and phase data Sp have already been correctly adjusted 
according to the input analog image signal Sia in the 
preceding steps #100 and #200 described above. The 
input analog image signal Sia also contains an image at 
the top left corner, i.e., contains a pixel corresponding 
to the corner pixel 1 Pa shown in Fig. 4. 

In addition to the functions described in the clock 
adjustment and phase adjustment operations above, 
the image start/termination coordinate detection circuit 
3 further comprises a function for detecting the begin- 
ning of the image in the vertical direction. It should be 
further noted that this vertical image start position de- 
tection function can be achieved in software, and no 
special circuits or other hardware means for this pur- 
pose are shown in the figures. 

The vertical image starting position is also deter- 
mined by detecting the vertical coordinate of the top 
edge of the screen image Fl, i.e., by determining the 
vertical image start coordinate VcS. To detect the verti- 
cal image start coordinate VcS, the image start/termina- 
tion coordinate detection circuit 3 counts the horizontal 
synchronization signals Hsync triggered by the vertical 
synchronization signal Vsync to detect the vertical po- 



sition parameter (vertical coordinate) Vc. The first verti- 
cal position parameter (vertical coordinate) Vc at which 
the analog image signal Sia is detected is defined as the 
vertical image start coordinate VcS. 
s The process executed by each step of this opera- 
tion is described below. 

At step S302 the display control circuit 4 reads the 
horizontal image start coordinate HcS and vertical im- 
age start coordinate VcS from the image start/termina- 

io tion coordinate detection circuit 3. The procedure then 
advances to step S304. 

The display device control data Sdc is generated 
based on the horizontal image start coordinate HcS and 
vertical image start coordinate VcS values at step S304. 

is The process for generating the display device control 
data Sdc is described below. 

The horizontal image start coordinate HcS at the left 
image edge is defined as the horizontal display start co- 
ordinate HsS. The horizontal display period pixel count 

20 NHP representing the number of pixels in the effective 
horizontal display period HEDP is added to the horizon- 
tal image start coordinate HcS to calculate the horizontal 
image termination coordinate HcE. The vertical image 
start coordinate VcS at the top image edge is defined 

25 as the vertical display start coordinate VsS. The vertical 
image display period pixel count NVP representing the 
pixel count in the effective vertical display period VEDP 
is added to the vertical image start coordinate VcS to 
calculate the vertical image termination coordinate VcE 

30 at the bottom image edge. Note that the vertical image 
display period pixel count NVP can be determined using 
the same method used to determine the horizontal pixel 
count NHP, and further description thereof is thus omit- 
ted. 

35 After the display device control data Sdc is thus 
generated in step S304, the procedure advances to step 
S306. 

The display device control data Sdc comprising the 
horizontal image termination coordinate HcE and verti- 

40 cal image termination coordinate VcE generated in step 
S304 is then output to the image display driving circuit 
10 in step S306, and the procedure ends. 

It should be noted that the horizontal image termi- 
nation (right edge) coordinate HcE and vertical image 

45 termination (bottom edge) coordinate VcE are calculat- 
ed from the horizontal image start (left edge) coordinate 
HcS and effective horizontal display period HEDP, and 
the vertical image start (top edge) coordinate VcS and 
effective vertical display period VEDP, respectively, in 

50 the above example. The display device control data Sdc 
can also be generated, however, using an input analog 
image signal Sia having effective display pixels Pa and 
Pd at the top left and bottom right corners of the screen 
image Fl, and detecting the horizontal image termina- 

55 tion (left edge) coordinate HcE and vertical image ter- 
mination (bottom edge) coordinate VcE from the image 
start/termination coordinate detection circuit 3. 

In this case the image startAermination coordinate 
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detection circuit 3 further comprises a function for de- 
tecting the vertical image termination position. To detect 
the vertical image termination position the horizontal 
synchronization signal Hsync is counted triggered by 
the vertical synchronization signal Vsync to detect the 
vertical position parameters (coordinates) Vc, and store 
the last vertical coordinate Vc at which the analog image 
signal Sia is detected to obtain the vertical image termi- 
nation (bottom edge) coordinate VcE. The image start/ 
termination coordinate detection circuit 3 detects the 
horizontal image start coordinate HcS and vertical im- 
age start coordinate VcS, and the horizontal image ter- 
mination coordinate HcE and vertical image termination 
coordinate VcE. Based on these values the display con- 
trol circuit 4 then generates the display device control 
data Sdc and outputs to the image display driving circuit 
10. 

It will be obvious that a signal comprising effective 
display pixels Pb and Pc at the top right and bottom left 
corners of the screen image Fl as shown in Fig. 4 can 
also be used as the input analog image signal Sia. 

The present invention thus described does not nor- 
mally require a special screen image to correctly gener- 
ate the display coordinate control data used to adjust 
the image display position. For example, an input image 
covering the screen with so-called wallpaper under the 
Windows( R ) (registered trademark of Microsoft Co.) en- 
vironment can be used. 

The horizontal image display period pixel count 
NHP and the vertical image display period pixel count 
NVP can also be detected using a counter and a com- 
parator as follows. The counter counts the horizontal 
synchronization signals Hsync as described above in 
the clock count data calculation to detect the total hori- 
zontal synchronization signal count in one screen. The 
comparator then compares this count with a predefined 
value to detect the display mode as also described 
above. If the VGA mode is detected the pixel count of 
the effective horizontal display period is set to 640 and 
the pixel count of the effective vertical display period is 
set to 480. If the SVGA mode is detected the horizontal 
pixel count is set to 800 and the vertical pixel count to 
600, and if the XGA mode is detected these values are 
1 024 and 768, respectively. In this case the required im- 
age area only needs to have an effective display pixel 
Pa at the top left corner as shown in Fig. 4. It is then 
only necessary to detect the horizontal image start (left 
edge) coordinate HcS and vertical image start (top 
edge) coordinate VcS, and add the horizontal and ver- 
tical pixel counts to these coordinate values, to calculate 
the display device control data Sdc. 

It should also be noted that while the method de- 
scribed above applies to monochrome images, the 
method used to process color images differs only as fol- 
lows. 

Specifically, three A/D converters 1 corresponding 
to red (R), green (G), and blue (B) are required. The 
AND of these three A/D converters is then obtained and 



output to the image start/termination coordinate detec- 
tion circuit 3 as the digital image signal Sid. The other 
circuits are as described above, and other than the A/D 
converters it is not necessary to provide separate 
5 means for each color. 

It is therefore possible by means of the invention 
thus described to automatically set the clock count data, 
phase data, and display position data according to the 
input video (image) signal without providing predefined 
io data for the analog image input signals from a personal 
computer. Manual data adjustment by the user is there- 
fore also unnecessary. 

As will be known from the preceding description of 
the preferred embodiment of the invention, a video 
is adapter according to the present invention can detect 
the image start and end coordinates of a digitized video 
(image) signal, and using this data can set clock count 
data, phase data, and display position data matching the 
actual condition of the input image signal. It is therefore 
not necessary to provide preset adjustment data for the 
various video signals that may be supplied to the video 
adapter. As a result it is also not necessary for the user 
to manually adjust the offset between the input video 
(image) signal and the preset data PI. 

Although the present invention has been fully de- 
scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
are apparent to those skilled in the art. Such changes 
and modifications are to be understood as included with- 
in the scope of the present invention as defined by the 
appended claims unless they depart therefrom. 



1 . A display device (DD) with a display adjustment ap- 
paratus (VA) for converting an analog image input 
signal (Sia) to a digital signal for display, comprising 

40 

an A/D converter (1 ) for converting the analog 
image signal (Sia) input thereto to a digital sig- 
nal based on an input analog-digital conversion 
clock signal (Sc), 
45 an image start/termination coordinate detection 

circuit (3) for detecting the horizontal image 
start coordinate (HcS) and the horizontal image 
termination coordinate (HcE) in the horizontal 
period (Ph1 - Ph2) based on the clock (Sc) input 
so from the A/D converter (1) and the horizontal 

synchronization signal (Hsync) and vertical 
synchronization signal (Vsync), which are syn- 
chronized to the analog image signal (Sia) and 
the digital image signal (Sid) output from the A/ 
55 D converter (1), 

a display control circuit (4) for calculating the 
clock count data (Scd), which is related to the 
frequency of the clock (Sc) of the A/D converter 
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(1), from the horizontal image start coordinate 
(HcS) and the horizontal image termination co- 
ordinate (HcE), and 

a clock generation circuit (2) tor generating the 
clock (Sc) input to the A/D converter (1 ) based s 
on the clock count data (Scd) input from the dis- 
play control circuit (4), 

wherein the display control circuit (4) automat- 
ically adjusts the frequency of the A/D conver- 
sion clock (Sc) by computing the clock (Sc) cor- to 
responding to the clock count of the A/D con- 
verter (1 ) so that the difference of the horizontal 
image termination coordinate (HcE) minus the 
horizontal image start coordinate (HcS) match- 
es the pixel count (NHP) of the effective hori- is 
zontal display period (HEDP) referenced for A/ 
D conversion of the analog image signal (Sia). 

2. A display device (DD) with a display adjustment ap- 
paratus (VA) for converting an analog image input 20 
signal (Sia) to a digital signal for display, comprising 

an analog/digital (A/D) converter (1 ) for con- 
verting the analog image signal (Sia) input 
thereto to a digital signal based on an input an- 25 
alog-digital conversion clock signal (Sc), 
an image start/termination coordinate detection 
circuit (3) for detecting the horizontal image 
start coordinate (HcS) in the horizontal period 
(Ph1 - Ph2) based on the clock (Sc) input from 30 
the A/D converter (1) and the horizontal syn- 
chronization signal (Hsync) and vertical syn- 
chronization signal (Vsync), which are synchro- 
nized to the analog image signal (Sia) and the 
digital image signal (Sid) output from the A/D 35 
converter (1), 

a delay circuit (5) for delaying the horizontal 
synchronization signal (Hsync) synchronized to 
the analog image signal (Sia), 
a clock generation circuit (2) for generating the 40 
clock (Sc) input to the A/D converter (1) syn- 
chronized to the delayed horizontal synchroni- 
zation signal (Shs) output from the delay circuit 
(5), 

a display control circuit (4) for outputting to the 
delay circuit (5) the phase data (Sp) determin- 
ing the delay time (Ts). of the horizontal syn- 
chronization signal (Hsync) based on the hori- 
zontal image start coordinate (HcS) input to the 
display control circuit (4), so 
wherein the display control circuit (4) changes 
the phase data (Sp) to detect the two phase da- 
ta (Sp) points (P1 ) and (P2) at which the image 
start coordinates (HcS and Se) from the image 
start/termination coordinate detection circuit ss 
(3) change one coordinate, and 
automatically adjusts the phase of the clock of 
the A/D converter (1). 



3. A display device with a display adjustment appara- 
tus (VA) for converting an analog image input signal 
(Sia) to a digital signal for display, comprising: 

an analog/digital (A/D) converter (1) for con- 
verting the analog image signal (Sia) input 
thereto to a digital signal based on an input an- 
alog-digital conversion clock signal (Sc), 
an image start coordinate detection circuit (3) 
for detecting the horizontal image start coordi- 
nate (HcS) and the vertical image start coordi- 
nate (VcS) based on the clock (Sc) input from 
the A/D converter (1) and the horizontal syn- 
chronization signal (Hsync) and vertical syn- 
chronization signal (Vsync), which are synchro- 
nized to the analog image signal (Sia) and the 
digital image signal (Sid) output from the A/D 
converter (1), 

a display coordinate control circuit (4) for con- 
trolling the display coordinate (Sdc) for display- 
ing the digital image signal (Sid), 
wherein the display control circuit (4) automat- 
ically adjusts the display coordinate (Sdc) by 
calculating the horizontal display start coordi- 
nate (HsS) from the horizontal image start co- 
ordinate (HcS), 

the horizontal display end coordinate (HsE) 
from the horizontal image start coordinate 
(HcS) and the pixel count (NHP) of the effective 
horizontal display period (HEDP) referenced 
for A/D conversion of the analog image signal 
(Sia), 

the vertical display start coordinate (VsS) from 
the vertical image start coordinate (VcS), and 
the vertical display end coordinate (VsE) from 
the vertical image start coordinate (VcS) and 
the line count (V) of the effective vertical display 
period (VEDP) referenced for A/D conversion 
of the analog image signal (sia). 

4. The display device with a display adjustment appa- 
ratus VA according to claim 3 wherein the input 
screen is displayed from the top right to the bottom 
left corners or from the top left to the bottom right 
corners, 

the image start coordinate detection circuit (3) 
further comprises a function for detecting the 
horizontal image termination coordinate (HcE) 
and the vertical image termination coordinate 
(VcE), and 

the display coordinate control circuit (4) auto- 
matically adjusts the display coordinates by de- 
fining the pixel count (NHP) of the effective hor- 
izontal display period (HEDP) referenced for A/ 
D conversion of the analog image signal (Sia) 
as the difference of the horizontal image termi- 
nation coordinate (HcE) minus the horizontal 
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image start coordinate (HcS), and 
defining the line count (V) of the effective verti- 
cal display period (VEDP) referenced for A/D 
conversion of the analog image signal (Sia) as 
the difference of the vertical image termination 5 
coordinate (VcE) minus the vertical image start 
coordinate (VcS). 

The display device (DD) with a display adjustment 
apparatus VA according to claim 1 wherein the im- io 
age start/termination coordinate detection circuit (3) 
further comprises a function for counting the total 
number of horizontal synchronization signals be- 
tween vertical synchronization signals synchro- 
nized to the analog image signal (Sia), and is 

. the display control circuit 4 automatically ad- 
justs the frequency of the A/D conversion clock (Sc) 
by further comprising a function for discriminating 
the pixel count (NHP) of the effective horizontal dis- 
play period (HEDP) referenced for A/D conversion 20 
of the analog image signal (Sia). 

The display device with a display adjustment appa- 
ratus (VA) according to claim 3 and claim 5 wherein 
the display coordinate is automatically adjusted by 25 

defining the pixel count (NHP) of the effective 
horizontal display period (HEDP) referenced 
for A/D conversion of the analog image signal 
(Sia) discriminated from the total number of 30 
horizontal synchronization signals between 
vertical synchronization signals in claim 5 as 
the pixel count of the effective horizontal dis- 
play period (HEDP) referenced for A/D conver- 
sion of the analog image signal (Sia) in claim 35 
3, and 

using the total number of horizontal synchroni- 
zation signals between vertical synchronization 
signals in claim 5 to discriminate the number of 
lines in the effective vertical display period 40 
(VEDP) referenced for A/D conversion of the 
analog image signal (Sia), and 
defining this number of lines as the number of 
lines in the effective vertical display period 
(VEDP) for A/D conversion of the analog image 45 
signal (Sia) in claim 3. 
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